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Abstract 


A multi-layer centrifugation technic with Gum arabic solution was examined with 


the object of purely separating cysts of Toxoplasma gondii from infected mouse 


brains. 


This paper outlines the preparations of infected mouse brain emulsions and of the 


Gum arabic solution having a certain specific gravity, and the experimental results 


on the recovery rate of cysts, the removal rate of brain tissue and the infectivity 


of cysts are also reported. 


The results followed multi-layer centrifugation with 


Gum arabic solution with a sp. gravity of 1.050 and 1.070 at 1,000 G for 15 min. 


were quite satisfactory. 


Introduction 


Up to the present time, the peritoneal 
fluids or brains of mice infected with 
Toxoplasma gondii have been principally 
used in a variety of works on this para- 
site. It might be needless to state that 


use of the parasites purely separated 


from the host animal tissue would make 
innumerable contributions to the advance 
of knowledge in research of Toxoplasm- 
osis. 


Regarding the methods for separating 


the proliferative form of this parasite, 
reports were published by Behrens and 
Geissler (1954), Fulton and Spooner(1957), 
Westphal (1958), Tsunematsu (1960) and, 
Lycke and Lund (1964), whereas no 
report has been so far presented on the 
separation technic of the cyst form. 

For preparing the pure suspension of 
proliferative forms from the infected 
animal ascites, Fulton and Spooner (1957) 
used a filtration method with a sintered 
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glass filter with a porosity of 15 to 40 
Westphal (1958) described a 
method of ultrasonic treatment, Tsune- 


microns. 


matsu (1960) reported a combined method 
of sonic oscillation for a short time fol- 
lowed by tryptic digestion and Lycke et al. 
(1964) compared both methods of filtration 
and centrifugation. It was, however, 
noticed that ultrasonic or sonic vibration 
of the parasites probably caused a cellular 
damage to them and trypsin treatment 
might exert some harmful influence to 
the parasites. Furthermore, it was ob- 
served that considerable amounts of par- 
ticulate cell debris or minute fibrous 
components still remained in the parasite 
fraction prepared by any of methods de- 
scribed above. Accordingly, any method 


provided for the separation of prolifer- 


ative forms could not be considered ade- 
quate for separating cysts and infected 
organ tissues. 

In this experiment, attempts were first 
made to separate cysts and infected mouse 
brain tissues by differential centrifugation 
and by the digestion method with trypsin, 
although all had resulted in failure. 
Subsequently, the multi-layer centrifuga- 
tion method with Gum arabic solution 
which had been recommended by Kimura 
et al. (1960) for the separation of leuco- 
cytes from mammalian blood, was exam- 
ined and the most interesting results 
were obtained. The technic and results 
are briefly described in this paper and 
the detailed data will be reported else- 


where. 


Materials and Methods 


Materials 
Toxoplasma parasites used were the 
Beverley strain and mice were approxi- 
mately 20 gm in weight. Gum arabic 
powders (Japanese pharmacopoeia) is a 
product of Sanwa Kako Pharm. Co. 
Methods 
I. Preparation of a cyst suspension (the 
initial sample) from the infected mouse 
brains 
Four or five infected mouse brains were 
collected from mice which had been 
inoculated intraperitoneally with 20 cysts 
of the Beverley strain in 0.2 ml of Hanks’ 
balanced salt solution and sacrificed on 
the 30th day of infection. These brains, 
which were presumably harboring num- 
bers of cysts by the time of their exci- 


sion, were washed in saline to remove 


blood and weighed. Then, they were 
ground in a mortar and were made into 
a 1% brain emulsion by adding Hanks’ 
solution. This emulsion was repeatedly 
spouted out of a pipette in a flask to 
liberate the cysts still remaining confined 
in tissue masses. It was further passed 
through two sheets of sterile gauze to 
remove rough tissue masses and fibrous 
debris from it. 

The brain emulsion thus prepared was 
regarded as a cyst suspension in which 
numbers of cysts were evenly floating. 
and was called the initial sample in cont- 
rast with the final sample which was a 
suspension of the cysts separated by multi- 
layer centrifugation with Gum arabic 
solution. The entire procedure of this 


preparation could be done, when necessary, 
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aseptically. 

A small portion of this sample was used 
for smear preparation, cyst counting and 
infectivity test by the methods described 
as follows. 

Il. Preparation of Gum arabic solution 
for cyst separation 

Preparation of Gum arabic solution for 
separating cysts from the initial sample 
was carried out as follows : Gum arabic 
powders of 2,8,16,24,32,40 & 48 gm were 
each dissolved in the flasks containing 
100 ml saline by stirring them with glass 
rods in boiling water. The solution were 
centrifuged at 17,000 G for 30 min. to 


Fig. 1. Schematic illustration of a multi- 
layer centrifugation of cysts with 
Gum arabic solution 


1 
2 
left : before centrifugation 
(1) : Brain emulsion Cinitial sample) 


(2) : Solution “A” (Gum arabic solution 
of sp. gravity 1.050) 

(3) : Solution “B” (Gum arabic solution 
of sp. gravity 1.070) 


right : after centrifugaticn 
(1) : Thin layer of compressed brain 
tissues 


(2) : Brain tissue masses floating in 
solution “A” 
(3) : Cyst fraction sedimented 


sediment undissolved dregs. Each super- 
natant while being kept at 15°C, was 
adjusted to the specific gravity of a desig- 
nated degree by Bohme’s hydrometer by 
adding saline to it and also the pH to 7.4 
with saturated NaOH solution. Specific 
gravities of the solutions ranged from 
1.010 to 1.130 for every 0.02 degrees. 
The solutions were autoclaved at 121°C 
for 15 min. and stored in a refrigerator 
until used. | 

lil. Fractional separation of cysts from 
the initial sample by multi-layer centrifuga- 
tion 


Siliconized glass centrifuge tubes of 0.6 


Photo. | : Multi-layer columns before (1 and 
2) and after (3 and 4) centrifugation in 
the Gum arabic method (see Fig. 1) 

Column 1 and 3 : 10% brain emulsion 


was used. 
Column 2 and 4 : 1% brain emulsion 
was used. 


ml in capacity, 1.0 cm in inner diameter 
and 11.0 cm in height were used for the 
fractional separation of cysts from the 
initial sample by multi-layer centrifuga- 
tion with Gum arabic solution. In a 
preliminary examination, it was recog- 
nized that a double-layer of Gum arabic 
solutions with a sp. gravity of 1.050 and 
1.070 was most effectively applicable to 
this method. Therefore, only the results 
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with both of these solutions are described 
in this paper. In the following descrip- 
tion, the solutions with a sp. gravity of 
1.050 and 1.070 were expressed as solu- 
tions “A” and “B”, 

A double-layer, in which the heavier 
solution “B” formed a bottom layer and 
“A” a top layer, was prepared in a 
centrifuge tube by pouring each 1.0 ml of 
both solutions into it and 1.0 ml of the 
initial sample was further layered on it. 
The pouring of these solutions into a 
tube was done by dropping them with 
care along the inner wall of the tube 
with a pipette in order to form clear 
boundary lines between the layers. 

The layered solutions in a tube were 
spun at 1,000 G for 15 min. by a horizon- 
tal head centrifuge. The initial sample 
was distinctly separated by this centrifu- 
gation into three portions as illustrated 
in Fig. 1 and Photo. 1; 1) a thin layer 
composed of compressed brain tissues at 
the junction between “A” and the brain 
emulsion, 2) fine tissue masses floating 
in “A” and 3) a cyst fraction sedimented 
on the bottom of tube. The supernatant 
fluid was carefully removed by a pipette 
and the sediment containing cysts was 
washed twice with Hanks’ solution by 
spinning at 00 G for 5 min. The final 
sediment was resuspended in 1.0 ml of 
Hanks’ solution and this was the final 
sample in which cysts were withdrawn 
from the initial sample. 

IV. Examination of the cysts collected 

The final sample was made up with 
Hanks’ solution to the same volume to 
that the initial sample used so that the 
estimations of the recovery rate of cysts 


and the amount of admixed brain tissue 


debris might be readily made. The infe- 
ctivity of the cysts withdrawn into the 


final sample was likewise examined by 
the mouse inoculation test. 


1) Recovery rate of cysts: This rate 
was obtained by the ratio of total cyst 
numbers in the final and initial samples. 
In practice, it could, however, be readily 
obtained from the total numbers of cysts 
counted in 0.1 ml of samples wi a 
microscope. 

2) Removal rate of brain tissue (Esti- 
mation of the amount of admixed brain 
tissue components in the final sample) 

The initial sample was regarded as a 
mouse brain emulsion of high concentra- 
tion containing numerous cysts. Accord- 
ingly, an important problem was the 
amount of brain tissue components remain- 
ing unseparated in the final sample by 
this technic. First, the removal rate of 
brain tissue was roughly estimated by 
comparing the quantity of tissue debris 
in both the initial and final samples on 
microscopical preparations. Next, turbid- 
imetrical measurement at 580 mu was 
done of the final samples by the Shimazu, 
Bausch and Lomb Colorimeter, Type 
Spectronic 20. The concentration of 
admixed brain components in the samples 
was estimated from the standard trans- 
mittance curve which was previously 
made for the determining the concentra- 
tions of mouse brain emulsions, although 
the concentrations thus determined might 
not indicate the correct ones of brain 
tissue components in the final samples 
because numbers of cysts co-existed in 
them. 

3) Infectivity test of the cysts !collec- 
ted in the final sample : 
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Each approximately 180 cysts taken 
from the initial and final samples were 
inoculated intraperitoneally into a mouse 
and the brains of the inoculated mice 
were examined for cysts on the 30th day 


after inoculation. In this experiment, 
cysts collected by this method were 
likewise examined for their survival, 
when preserved in Gum arabic solution of 


sp. gravity 1.070 at 5°C. 


Results 


I. Examination on applicability of some 
solutions to the sepuration method 

Copper sulfate, sucrose and Gum arabic 
solutions in concentrations ranging from 
sp. gravity of 1.010 to 1.130 were preli- 
minarily examined for comparing their 
applicability to the separation of cysts. 
With Copper sulfate solution, no achieve- 
ment was obtained in separating cysts. 
On the other hand, cysts were sufficien- 
tly separated and collected on the bottom 
of the tube by multi-layer centrifugation 
with sucrose solutions of sp. gravity 1.070 
and 1.090 at 650 G for 15 min. The 
recovery rate of cysts, however, was 
found usually lower than that in the Gum 
arabic method and a considerable amount 
of admixed brain tissue debris was observ- 
ed in the cyst fraction. Whereas, in 
the multi-layer centrifugation method at 
1,000 G for 15 min. with Gum arabic 
solutions of sp. gravity 1.050 and 1.070, 
the recovery rate of cysts was very high 
and the amount of admixed brain tissue 
debris was little. 

I]. Recovery rate of cysts in the Gum 
avabic method | 

Attempts were first made to find out 
the differences brought forth in the 
recovery rate of cysts when different 
concentrations of infected mouse brain 
emulsions were used, As shown in 
Table 1, 1% brain emulsion was found 


to give a higher recovery rate of cysts 
than 5 or 10% did, and 92.3% in the 


average of 10 experiments, 


Table |. Recovery rates of cysts given by the 
Gum arabic method when 1, 5 and 
10% emulsions of the infected brains 
were used as initial samples 


Recovery rate of cysts 


Conc. of | 
brain | 10% | 5% 1 る 
emulsion | cae a ee 
I) 
Exp, 1 40 60 | 80 80. 100 
2 44 50 | 45 40 89 
3 so | 72 | 13| 120: 90 
4 45 | 62 | 128| 170 97 
5 | 33 45 | 300 270. 90 
6 43 70 | 345 310| 90 
a 34 | 54 | 115 10| 87 
8 52 | 62 | 175; 170| 97 
9 40 | 58 | 245| 220 90 
10 | 4 | 64 | 260] 250| 96 
| 
~~ oO の の の 
(mms 


* No. of cysts in an initial sample 
** No. of cysts in a final sample 


II]. Removal vate of brain tissue (Esti- 
mation of admixed brain tissue cemponents 
in the final sample) 

The final samples were, in general, a 
little turbid or nearly transparent as 
water. It was understood from Photos. 
2 and 3 that brain tissue debris became 
very scanty in the final samples. By 


turbidimetrical measurement, the concen- 
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Photo. 2 : A cyst in 10% brain emulsion 
before centrifugation, 400X. 


Photo. 3: A cyst separated from 10% brain 
emulsion by the Gum arabic method, 400X. 


tration of the final sample derived from 
1 % emulsion of the infected brains was 
found to be equivalent to less than 0.01% 
brain emulsion and that derived from 10 
% emulsion was equivalent to 0.2 to 0.3 
% brain emulsion. From these findings, 
it could be considered that it might be 
possible to obtain a 99% removal rate of 
brain tissue, when 1% brain emulsion 
was used as an initial sample. 

IV. Infectivity test for mice of the cysts 
separated by the Gum arabic method 

Approximately 180 cysts respectively 
taken from the initial and final samples 
were inoculated into each of 5 mice in a 
group. As shown in Table 2, cysts were 
detectable in the brains of all mice in 
both groups on the 30th day after inocula- 
tion, namely, it was confirmed that the 
infectivity of the cysts collected by this 
method was kept unchanged during the 
course of this separation method. 


In another experiment, cysts collected 


Table 2. Infectivity test by the mouse 
inoculation method of the cysts 
collected by the Gum arabic method 
and ones further preserved in Gum 
arabic solution, sp. gravity of 
L2070 at 5° C 


No. of miceNo. of mice 


Time examined inoculated Icyst-positive 


Before centrifugation 5 | 5 
(initial sample) : 

After centrifugation | 5 | 5 
(final sample) | | 


7 days after separation 3 3 
14 ク 3 3 
21 ん 3 3 
35 ク 3 3 


Note : Mice were intraperitoneally inoculated 
with 180 cysts and examined for cysts 
in the brains 30 days after inoculation. 


by our method were preserved further at 
5°C in Gum arabic solution of sp. gravity 
1.070 for the survival test of them. Table 
2 also showed that the cysts were capa- 
ble of survival as long as 35 days without 


losing their infectivity for mice. 


Discussion 


There have been several studies report- 
ed on the separation method of prolifera- 
tive forms of Toxoplasma gondii as here 


described, however, no previous report 
has described the pure separation of cysts 


from the infected animal organs. In 


78 T. NAKABAYASHI and I. MOTOMURA 


1967, the Gum arabic method for the 
separation of cysts was reported by the 
authors at the protozoologist meeting in 
Japan. Very recently, a similar technic 
to that described in this paper was stated 
by Iseki et at. (1968). Studies on biolog- 
ical characters of cysts with use of the 
purely separated ones from the infected 
organs would be expected to contribute 


invaluably knowledge in medical research 
of Toxoplasmosis. 


As to methods for the separation and 
collection of animal cells from other tissue 
components by the multi-layer centrifuga- 
tion technic, few reports have so far 
been published in which Gum arabic, 
sucrose, egg albumine, dried blood plasma 
or polyvinylpyrrolidone was used for a 
multi-layer solution. In this study, Gum 
arabic solution was principally examined 
as recommended by Kimura et al. (1960) 
for the separation of leucocytes from 
other blood cells. 

It was demonstrated that multi-layer 
centrifugation with sucrose solution was 
likewise applicable to the cyst separation. 
With sucrose, however, the recovery 
rate of cysts was lower and the removal 
rate of brain tissue from the initial brain 
emulsion was higher than with Gum 
arabic. Since it was clearly shown in 
Table 3 that the viscosity of Gum arabic 
solution was much higher than that of 
sucrose solution at the same sp. gravity, 
the viscosity of the solution might proba- 
bly play a significant role in the course 
of the cyst sepaWation similarly as the 
Sp. gravity. l 

Generally speaking, the recovery rate 
of cysts and the removal rate of brain 
tissue from the initial sample showed a 


Table 3. Comparison of the viscosity of 
Gum arabic and sucrose solutions 


Solutions Sp. gravity Viscosity 
| er rr 
Sucrose | 1.080 | 222 
| 1.100 | a 
Gum arabic | 1.050 | 55 
1.070 > 


Viscosity was measured by Hess’ viscosimeter 
at 15°C of solution temperature. 


cofadictory tendency towards each other. 
Accordingly, an attempt to raise the 
recovery rate of cysts and to minimize 
the amount of admixed tissue components 
should be performed by means of selec- 
ting the kind and the sp. gravity of the 
solution and determining the G-value and 
time of centrifugation. The multi-layer 
centrifugation method with Gum arabic 
solutions of sp. gravity 1.050 and 1.070 
at 1,000 G for 15 min. could be considered 
a satisfactory one to meet the above-men- 
tioned requirements to the maximum 
extent. 

In this Gum arabic method, when 1 % 
emulsions of the infected brains were 
used as an initial sample, it gave a higher 
value in the removal rate of brain tissue 
as well as in the recovery rate of cysts 
than 10% did. From the results on the 
recovery rate of cysts, it was understood 
that a brain emulsion of high concentra- 
tion would obstruct the sedimentation of 
Although 
it would be impossible to completely 


cysts during centrifugation. 


exclude any admixture of brain tissue 
components in the cyst fraction, it was 
reliably noticlable that the removal rate 
was approximately 99% in the experiment 
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done with 1% emulsions. The facts that 
this simple technic could be done with 


an aseptic operation and did not affect 


the infectivity of cysts suggested a broad 
application of this technic to the future 


works of cysts. 


Summary 


A simple technic for separating cysts 
from the infected mouse brains by multi- 
layer centrifugation with Gum arabic 
solution was examined and the following 
results were obtained. 

1. The Gum arabic method as compar- 
ed with the sucrose method, gave a high 
recovery rate of cysts as well as a high 
removal rate of brain tissue components 
from the initial brain emulsion. 

2. satisfactory results were obtained 
by multi-layer centrifugation with Gum 


arabic solutions of sp. gravity 1.050 and 
1.070 at 1,000 G for 15 min. 

3. When 1 % emulsion of the infected 
brains was used as an initial sample, it 
was demonstrated that the recovery rate 
of cysts averaged 92.3% and the removal 
rate of brain tissue was approximately 
99% by turbidimetrical measurement. 

4. Cysts separated from the infected 
brains by this technic demonstrated the 


unchanged infectivity for mice. 


Acknowledgement 


The authors wish to express their 
sincere appreciation to Dr. T. Shozawa 
of this institute for his kind help in 
taking microphotographs of specimens 
and also to Dr. J. D. Kirshbaum, Atomic 
Bomb Casualty Commission in Nagasaki, 


for his favorable aid in composing Eng- 
lish sentences. 

The major part of this experiment was 
reported at the Ist annual meeting of the 
Japanese Society of Protozoology held in 
Tokyo on December 3, 1967. 


References 


1) Behrens, M. and Geissler, H. : 
winung von Toxoplasmen. Ztschr. Hyg., 138 : 
508—512, 1954. Cited from Tsunematsu’s publi- 
cation (1960). 

2) Fulton, J. D. and Spooner, D. F. : Pre- 


liminary observations on the metabolism of 


Reinge- 


Toxoplasma gondii. Roy. Soc. Trop. Med. & 
Hyg., 51 : 123-124, 1957. 

3) Iseki, M., Nishibayashi, M. and Takada, 
S. : Reported orally at the 37 th annual meeting 
of the Japanese Society of Parasitology in Kyoto 
April 2, 1968. 


4) Kimura, E., Enomoto, I., Awane, H. 


and Kinoshita, Y. : Studies of functions of 
leucocytes separated from whole blood. 1. A 
method for separating live leucocytes from whole 
blood by means of multilayer centrifugation. 
Osaka City Med. J., 6 (1): 49-88, 1960. 

5) Lycke, E. and Lund, E. : A tissue culture 
method for titration of infectivity and determi- 
nation of growth rate of Toxoplasma gondii 1. 
Acta Pathol. Microbiol. Scand., 60 (2) : 209 一 
220, 1964. 

6) Tsunematsu, Y.: Purification of Toxopla- 
sma by means of sonic vibration and tryptic 


digestion. Amer. J. Trop. Med. & Hyg.. 9: 


80 T. NAKABAYASHI and I. MOTOMURA 


556—561, 1960. Toxoplasmen und Exudatzellen. Ztschr. Tropen- 
7) Westphal, A. : Ueber die Trennung von med. u. Parasitol., 9 : 217—224, 1958. 


アラ ビア ゴム ょ 重層 遠心 沈 浅 に よ 上 る Toxoplasma gondi 
感染 マウ ス 脳 か ら の シス ト の 分 離 法 に つい て 
中 林 敏 夫 ・ 本 村 一 郎 


長崎 大 学 熱帯 医学 研究 所 疫学 部 (主任 : 中 林 敏 夫 教授 


摘 = 


著者 ら は アラ ビア ゴム 重層 法 を 用 いて Toxoplasma gondii の Beverley 株 感染 マウ ス の 脳 か ら シ スト を 分 
離す る 実験 を 行ない , 以下 の 成績 を 得 た . 
1. アラ ビア ゴム 重層 法 は , 旗本 重層 法 と 比較 し て 分 離 前 の 脳 乳剤 か ら 高 い ン スト 回 収束 と 高度 の 脱 組 織 除 


去 率 が 得 ら れ た . 
2. 比重 , 1.050 お よび 1.070 の アラ ビア ゴム 分 離 液 を 用 い , 1,000G15 分 間 の 遠心 沈 激 に よっ て 満足 すべ き 結 
米 が 得 ら れ た . 


3. 1 多 脳 乳剤 を アラ ビア ゴム 重層 法 に ょ よ っ て 遠心 沈 彰 し, 平均 92.3 有 の シス ト 回 収 率 と 約 99 の 脱 組 織 除 
ERK ( 比 濁 法 に より 測定 ) を 得 た . 

4. 本 法 に よっ て 分 離さ れ た ンス ト は マウ ス に 対す る 感染 性 に 著 明 な 変 状 が 認め られ な か っ た ・ 

本 法 は 無 画 的 操作 も 容易 で あり , 分 離 術 式 も 簡便 で て ある こと か ら と 今後 感染 マウ ゥ ウス の 脳 か ら シ ンス ト を 分 離す る 
実験 に 広く 応用 で きる も の と 考え られ る . 


